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Abstract 
Under reducing conditions fluoride based solid electrolyte sensors with sulphur-sensitive auxiliary electrodes are able to measure 
the sulphur content in liquid metals and gases at elevated temperatures. In this work CaF2 doped with YF3 and SrF2 doped with 
LaF3 were selected as solid electrolyte material, because of their high ionic conductivity. Solid electrolyte tubes were prepared 
from these materials by slip casting to apply them as electrochemical sensors e.g. in the float glass industry. 
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1. Introduction 
Nowadays high quality flat glass is commonly produced by the float glass process. The smooth surface of flat 
glass is achieved by flow of the glass melt over a molten tin bath at about 500-1000°C. The liquid metallic tin would 
however oxidise in the presence of oxygen. To avoid that a protective atmosphere is used which consists of about 90 
vol% N2 and 10 vol% H2, see fig. 1.  
The glass melt contains traces of sulphur introduced by the refining process. Due to the mass exchange between 
glass and tin, SnS is formed and enriched in the tin bath. Because of its volatility SnS evaporates in the cover 
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atmosphere. In the cooling zone of the float bath chamber the SnS reacts with H2 to Sn and H2S below of 700°C. 
Both, condensed Sn and SnS drops, can lead to surface defects. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic drawing of molten tin bath (dark green) used in the float glass industry 
 
A system capable of measuring and controlling the sulphur content in the tin bath and protective atmosphere 
could minimize these defects, but a continuously operating sulphur sensor for the process conditions of the float 
glass process is not available up to now.  
Galvanic cells, respectively solid electrolyte probes, are robust sensors under harsh conditions. A known example 
is the lambda probe for oxygen measurements based on Yttrium doped ZrO2 that has been used in cars for decades. 
Sulphur ion conducting electrolytes are however hitherto unknown. However it is possible to create solid electrolyte 
sulphur sensors by thin metal sulphide coatings which act as auxiliary electrodes. The sulphide auxiliary electrode 
transfers the difference of sulphur potentials at the solid electrolyte into a potential difference of mobile species in 
the solid electrolyte, see the measurement principle of a galvanic sulphur cell in fig 2.   
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Fig. 2.  Measurement principle of developed galvanic sulphur cell based on SrF2 doped with LaF3 
The process conditions in the float bath chamber and tin melt require sensors with a length of up to 50 cm. In 
previous work we demonstrated a sulphur sensor on the basis of SrF2 doped with LaF3 and inverse by smelt of the 
solid electrolyte pellet in the end of a dense alumina tube, see fig.3. The auxiliary electrodes were formed by in situ 
sulphidation at about 750°C in a H2S-H2-Ar gas flow. First test results show a response in a few seconds for a 
gaseous reference system [1,2]. Another possibility, especially for industrial applications, is a solid sulphur reference 
like NiS/Ni in a ratio of 1:9.  
 
 
 
 
 
 
 
Fig. 3. Principle of developed sulphur sensor 
A disadvantage of the previously used preparation method was a reaction between the fluorides and alumina 
during melting and processing. The resulting open pores led to a cell voltage deviation and drift. To overcome this 
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problem, complete fluoride tubes which are closed at one end are necessary. For this purpose, the slip casting 
method was selected. This process is favorable for producing small quantities of sensors.  
2. Experiments 
The preparation by slip casting works similar to a filter process: an appropriate suspension of water containing 
solid fluoride particles is added into a porous form, the mould, which removes the water by capillary forces. After a 
while a body will form at the surface of the mould. This is followed by a drying and sintering step to obtain a gas 
dense tube from the removed body.  
For the development of the tubes CaF2 (doped with YF3) and SrF2 (doped with LaF3) were used as promising 
materials because of their high ionic conductivity. The commercial powders were characterized by laser 
diffractometry, SEM images and gas adsorption measurements (BET). To get a suitable suspension for the slip 
casting, different additives and preparation methods were investigated regarding their influences on the 
sedimentation and shaping behavior. The sintering behavior was investigated by density respectively porosity 
measurements and via SEM-imaging. 
3. Results 
A suitable slip casting suspension for the mentioned fluorides was obtained by using a polyelectrolyte and a 
binder. The polyelectrolyte is necessary to get a castable suspension with high solid concentration. The binder gives 
the formed tubes high form stability necessary to shape the tubes from the gypsum form. To find the optimum of the 
additive content, electrokinetic measurements were performed. In fig. 4 the influence of the additive Dolapix CE 64 
on the particle charge, characterized by a particle charge detector, is shown. The optimum additive concentration is 
found away from the point of zero charge where a minimum of sedimentation is observed. 
 
 
 
 
Fig. 4. Particle charge dependence on dispersant concentration characterised by streaming potential measurements (PCD Detector Fa. Mütek).  
In a first thermal treatment the organic additives, which burn out at around 400°, see the DSC/TG analysis fig. 5, 
were removed and a solidification of the formed tubes was obtained in air atmosphere up to 700°C.  
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Fig. 5.  DSC/TG analysis of used slip casting SrF2-LaF3 suspension after drying 
 
To prevent oxidation of the fluorides the dense sintering of the Sr(0.7)La(0.3)F(2.3)   mixture was performed at 
1490°C under argon atmosphere(see fig. 6). The selected temperature was lower than the melting point of the 
lanthanium-strontium mixture to prevent a deformation of the tube. Due to the sintering step a shrinkage of 18% 
could be observed. A bubble test confirmed the gas tightness of the tubes.  
 
 
Fig. 6.  Left) SrF2-LaF3 tube in gypsum form before demoulding. Right) SrF2-LaF3 tube after sintering. 
4. Conclusion and Outlook  
It was shown that fluorides tubes can be made by a slip casting process. The dense sintered solid tubes, see Fig. 6, 
can be used to manufacture an improved fluoride solid electrolyte sulphur sensor without porosity. As alternative 
and cost-effective solid electrolyte material CaF2 doped with YF3 will be tested as sulphur sensor. 
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